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There is an evident difference in the intensity of morbidity caused by Schistosoma haematobium in North-African zones compared to Sub-Saharan ones. Clinical outcome dichotomy corresponds to two geographically distinct intermediate host snail species that are only infected by the related strain of the parasite. In concert, there is a manifest hybridization of the parasite with other Schistosoma species confined to certain regions of Africa. This raises a reasonable suggestion that S. haematobium has no less than two phylogenetic clusters that have different virulence. The aim of the study was to examine the possible diversity among S. haematobium using simultaneous amplification of genomic DNA of selected isolates. Random amplified polymorphic DNA-polymerase chain reaction markers were used to study the genetic diversity among S. haematobium natural isolates from selected regions of Africa (Egypt, Zimbabwe, and South Africa) that represent different ecological conditions, different species of intermediate host, and different possibilities of field hybridization with other schistosomes. A moderate to high level of genetic diversity was evident among the three isolates. More bands were shared by the isolates from Zimbabwe and South Africa (similarity index = 0.721) than those shared by each with the Egyptian isolate (similarity index = 0.551 and 0.566, respectively), suggesting that at least two phylogenetic groups of S. haematobium do exist in distinct geographic regions of Africa. The elucidation of the possible genetic diversity among S. haematobium parasites may explain many ambiguous aspects of the biology of the parasite-like virulence, immune evasion and drug resistance.
Introduction
Human schistosomiasis is a serious chronic disease caused by trematode parasites of the genus Schistosoma, which is more prevalent in developing countries. Schistosomiasis is second after malaria among the parasitic represented by bulinid snails of the truncatus group, while in Southern Africa, the hosts are members of the africanus group [3] . The northern strains of the parasite are not infective for the southern host snails and vice versa [4] .
Schistosomiasis has a significant variation in morbidity and pathology among human hosts. In endemic regions, morbidity is related to the age of the human host, with an increase in early childhood, reaching a peak during adolescence and declining thereafter [5] . More interestingly, significant disparities in clinical outcome of S. haematobium infection have been linked to different geographical regions, ranging from trivial symptoms to serious pathology of the urinary tract. While the majority of infections in Sub-Saharan Africa result in mild pathology [6] , the degree of pathology caused by S. haematobium in Egypt is severe and is considered a significant threat to public health [7] . The degree of pathology inflicted by S. haematobium in countries of Sub-Saharan Africa like Mali [8] , Zimbabwe, Malawi [9] , Ghana [10] , Nigeria [11] , and South Africa [12] is less severe compared to that observed in Egypt. Morbidity, due to urinary schistosomiasis in these countries, is mild and does not represent a serious public health problem, in spite of high prevalence rates as in Malawi, where half of the population is believed to be infected [9] . By contrast, urinary schistosomiasis in Egypt is usually manifested by obstructive uropathy that predisposes to pyelonephritis, lower urinary tract infections and urinary calculi. It also predisposes to metaplastic urothelial changes, leading to a high percentage of squamous cell carcinoma and adenocarcinoma [7] .
The reasons behind these discrepancies in clinical outcome remain ambiguous. However, the genetic structure of the parasite is believed to play a role in this phenomenon. Genetic diversity is believed to have a major influence on many parasite-related characteristics, including the dynamics of transmission, host-parasite interaction, infectivity and virulence [13] . The genetic variability within S. haematobium species is largely understudied compared to that of its more serious counterpart Schistosoma mansoni [14] , primarily due to many constraints in the process of laboratory passage of the parasite and absence of sufficient specific markers [15] . Studying the population genetics of S. haematobium is crucial for better understanding of the epidemiology of infection and for advancing novel treatment and vaccination strategies [16] .
Random amplified polymorphic DNA (RAPD) primers represent sensitive markers for exploring genetic variability and degree of gene flow among parasitic populations. RAPD-polymerase chain reaction (PCR) has been developed in an attempt to discriminate between species, strains, and individuals [17] . With such technology, it became feasible to investigate population genetics of schistosomes with few available sequence data [18] . RAPD primers perform a whole genome scan, identifying a large number of loci and have emerged as a powerful tool in distinguishing both inter-as well as intraspecific variations [19, 20] . Several studies have utilized RAPD primers to explore the genetic variability within schistosome populations in different hosts [21, 22] . The small amount of DNA required for such a technique make it feasible to use cercarial or miracidial DNA, rather than DNA derived from adult schistosomes, to investigate genetic background, thus reducing the expected selection exerted by atypical hosts [23, 24] .
A few studies have investigated the relation between morbidity caused by S. haematobium infection and genetic diversity of the parasite, with conflicting results [25, 26] . The aim of the current study was to explore genetic diversity within natural populations of S. haematobium selected from different geographic areas across Africa, using parasite isolates of Schistosoma eggs sampled directly from their natural human hosts, thereby avoiding the biological biases encountered on using laboratory-passed adult worms. This study provides the opportunity to investigate an important and understudied issue, which is the contribution of parasite genetics to discrepancies in disease severity and clinical outcome.
Materials and methods

Collection of samples
S. haematobium eggs were a generous gift from Dr. Clive Shiff, Johns Hopkins University, Baltimore, MD, USA. The eggs were retrieved by a filtration technique [27] from three noon urine samples (10 mL each) from heavily infected patients from Egypt, Zimbabwe, and South Africa. The process of egg washing and filtration was repeated until absence of any host cells was assured.
DNA preparation
Genomic DNA extraction from all collected samples was performed utilizing QIAamp DNA Mini kit (QIAGEN, Hilden, Germany). Genomic DNA pellet was dissolved in Tris-EDTA (TE) buffer to a working concentration of 5 ng/L.
RAPD-PCR
Four arbitrarily selected 10-bp oligonucleotide primers (Operon Technologies, Alameda, CA, USA) were used; Primer number (P #)2: TGCCGAGCTG, P #7: GAAACGGGTG, P #9: GGGTAACGCC, and P # 10: GTGATCGCAG. Genomic DNA of S. haematobium (10 ng) was used in a PCR [23] with a total reaction volume of 20 L in a DNA thermal cycler (Perkin-Elmer, Waltham, MA, USA) for 40 cycles, each of 10 seconds denaturation at 94 • C, 1 minute annealing at 36 • C, and extension for 2 minutes at 72 • C with transition time 1 • C/s between the different temperature phases.
Gel electrophoresis
DNA electrophoresis was done on a 1.2% agarose gel in TE buffer stained with ethidium bromide. Samples were run with two molecular weight standards: highmolecular weight and a low-molecular weight 100-bp ladder (Gibco, Waltham, Massachusetts, USA). Gels were visualized under UV light and photographed using Polaroid 667 film (Polaroid corporation, Waltham, MA). 
Data analysis
DNA bands from different isolates produced by RAPD-PCR were compared to a DNA molecular weight standard to guarantee consistent scoring between different gels and to determine the molecular weight of the band. Faint, unclear bands and high-molecular weight (> 4 kb) bands were not scored and disregarded. All bands generated by each isolate were pooled together. Comparison between isolates was done by scoring the total bands of each isolate, the bands shared between two different isolates, and the bands that are absent from one isolate and present in the other one. The similarity between different isolates was estimated by two different formulas. The first [28] depended only on shared bands between the two compared isolates:
Similarity index(F) = 2n xy /(n X + n y ) × 100 (1) where n x and n y represented all bands generated by Isolates x and y, respectively, and n xy represented the bands shared by them. In the second method, Jacard similarity coefficient [29] depended on both shared and absent bands:
where a was the number of bands shared between Isolates 1 and 2, b was the number of bands present in Isolate 1 but absent in Isolate 2, and c was the number of bands present in Isolate 2 but absent in Isolate 1. With Jacard's coefficient values, a dendrogram was constructed using the simple agglomerative (bottom-up) hierarchical clustering method UPGMA (unweighted pair group method with arithmetic mean) performed on SPSS version 16 (SPSS Inc., Chicago, IL, USA).
Results
All primers used showed a consistent pattern of evident similarity between Zimbabwean and South African S. haematobium isolates, and a clear variability of either of them compared with the Egyptian isolate. P #2 showed the band pattern of two isolates from each country with interspecific variations between isolates of different countries and even some intraspecific individual variations between isolates of the same country most evident within the two Zimbabwean isolates ( Figure 1A) . P #7 showed a marked similarity of Zimbabwean and South African isolates while it failed to identify any loci in the genome of the two Egyptian isolates, revealing the great distance of the Egyptian isolate from the other two isolates in the loci screened by this primer. The fragments pattern generated by P #9 showed of two Egyptian, two South African, and one Zimbabwean isolates a moderate heterogeneous pattern between isolates of the different localities ( Figure 1B) . Magnification pattern of P #10 ( Figure 1C ) demonstrated a great difference between the Egyptian and the other two isolates.
However as RAPD-PCR primers scan the whole genome and create a lot of bands, visual comparison between band patterns is not enough to obtain conclusive results. Thus, numerical transformation of the results, of each isolate, was done by scoring the total number of bands generated by each primer as well as the shared bands between different isolates ( Table 1) .
The sum of all shared bands between the different isolates is scored in Table 2 , showing a great band sharing between Zimbabwean and South African isolates (44 bands), while there is moderate sharing between each of them and the Egyptian isolate (30 and 27 bands, respectively). This results in a similarity index (F) of 0.551 for Egyptian/South African, 0.566 for Egyptian/Zimbabwean, and a high similarity index of 0.721 for Zimbabwean/South African isolates (Table 2) .
Another comparison of the band pattern was done on the basis of band sharing and on bands lost in one isolate and present in the other (Table 3) . Similarly, Jacard's coefficient (J) resulting from this concept showed 0.38 for Egyptian/South African, 0.395 for Egyptian/Zimbabwean, and a relatively high similarity coefficient of 0.564 for Zimbabwean/South African isolates (Table 3) . A constructed dendrogram (Figure 2 ) based on Jacard's similarity coefficients of RAPD data showed a clear split of the three S. haematobium isolates into two phylogenetic clusters, with the Egyptian isolate far from both Zimbabwean and South African isolates, which were close together and converged to represent a single cluster.
Discussion
Variations in intensity of the urinary tract pathology inflicted by S. haematobium infection have been noticed between different regions of Africa and even within communities [25] . Whether these discrepancies in disease severity are related to or caused by a variance in parasite genetic background is still an unsettled issue.
Many factors influence patterns of genetic variability of different parasites, like the mating system, the intermediate hosts and vehicle of parasite transmission [30] . S. haematobium has a cycle with two alternating hosts. The asexual reproduction occurs in the Bullinus snail, while the sexual reproduction among adult worms takes place in the human definitive host. The genetic variability of schistosomes can be influenced by a variety of factors, mainly the bionomics of their two hosts [31] .
Our results indicate moderate to high genetic diversity among schistosome populations. This result agrees with a previous study [32, 33] that reported a high level of genetic variability within selected populations of S. haematobium. Our results also agree with a recent study [1] reporting that S. haematobium genotypes across Africa split into two distinct groups; one that is predominately from mainland Africa and the other from the islands of the Indian Ocean and their neighboring coastal regions, with a considerable net divergence between the two groups.
The genetic differences between S. haematobium populations in Egypt and Sub-Saharan Zimbabwe and South Africa might be linked to morbidity that is more severe in Egypt [7] . Genetic variability may alter some of the virulence-related parasitic features like fecundity and immunogenicity. Emergence of parasitic strains that are more immunogenic or fecund than others might shape the clinical outcome of such infection [25, 26] .
The different local ecological phenomena in Egypt versus Zimbabwe and South Africa may explain our observation of moderate genetic diversity among the corresponding S. haematobium isolates. In Egypt, there is a unique occupational pattern of repeated exposure to the parasite with consequent prolonged acquired concomitant immunity of human hosts. There is also an isolated one river system along with almost no snail host migration. All these phenomena, together with limited movement of human populations, may lead to isolated populations of the parasite favoring higher susceptibility to mutation and genetic drift that could lead to the unique lineage of the parasite in Egypt [36] .
By contrast, Zimbabwe and South Africa have an overlap of contact sites, with open river systems allowing free snail movements [34] . Maintenance of genetic diversity among adult infrapopulations is one of two main consequences of infection of snails with multiple schistosome genotypes [35] . These unique phenomena, together with an evident hybridization of S. haematobium with other human and animal schistosomes in South-East Africa, including Zimbabwe and South Africa [23] , may lead to coexistence of multiple genotypes of the parasite in one locality. Genetic exchange and hybridization between native genotypes and imported ones could lead to the emergence of new parasitic strains [36] .
Major movements of human populations during famines and civil wars in some regions of Africa are expected to play a major role in the emergence of different genetic clusters of the parasite. Mass human movements allow numerous and mixed parasite infections from different snails that come from the same or different parasite clusters [34] .
Our study, in spite of its limitations, demonstrates an extent of genetic diversity of S. haematobium within humans that is comparable to that observed in the snail intermediate host. The study also suggests a relationship between clinical outcome and specific genetic clusters of the parasite as the two less clinically aggressive parasite clusters (in Zimbabwe and South Africa) have a relatively distant clustering from the parasite causing severe clinical disease in Egypt.
In conclusion, the current study presents original insights into the population genetics of S. haematobium. The highly variable random primers we have used were able to demonstrate the genetic diversity of S. haematobium within the human host from different geographical locations of Africa. They demonstrate that S. haematobium from three sampling locations are genetically diverse with the possible existence of two phylogenetic groups. A future study on a large geographic scale with more parasite isolates and more primers might characterize better the clonal lineages of S. haematobium, which may have a major impact on management and control of urogenital schistosomiasis.
